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SUMl\IARY 
In 1927 yield and moisture data were secured at semi-weekly 
harvest intenals for four varieties of oats, two of winter wheat 
and two of barley. In 1928 this experiment was repeated using 
six varieties of oats, two of winter wheat and four of barley. 
The data secured in these studies show increases in yields 
which indicate that photosynthesis and translocatiou of food 
material to the kernel may continue much longer than has been 
previously reported. The yields continued to rise until the 
moisture content of the grain had fallen to percentages varying, 
in 1927" between 33.6 and 10.0, and in 1928 between 45.0 and 
19.4, as shown in table I, page 335. 
The results of these experiments indicate that a considerable 
part of the grain crop is usually harvested before maximum 
production has been attained. In 1927 several of the varieties 
increased in yield as much as 10 percent after the date on which 
they normally would have been harvested. In some cases these 
increases extended over a period of 10 days. In 1928, probably 
due to intermittent storms, the increases were much smaller than 
in the previous year, but continued over approximately the 
same length of time. 
The results confirm the accepted idea that the corresponding 
losses from delayed harvesting are lower for wheat than for 
other grains. . 
The experiments with oats ;;how a distinct relation between 
varieties and the length of profitable harvest period. 
The Effect of Delayed Harvest Upon 
Yield of Grain 
By L. C. BURNET!' AND A. L. BAKKE 
THE MOST PIWl~ITABLE HARVEST PERIOD 
The influence of the time of harvest upon yield and the length 
of the harvest period during which optimum yields may be se-
cured have been problems of research thruout the last three-
quarters of a century. In the light of more recent and compre-
hensive investigations, some of the conclusions that have been 
reached appear to require revision. Evidence has been secured 
which indicates that the time and duration of the harvest period 
are not wholly dependent upon soil and climatic factors, but 
may be influenced materially by methods of culture, includ.ing 
harvest practices, as well as by the varieties of grain grown. 
Changing methods of harvest have so altered conditions that 
a practice which was satisfactory a few years ago may be ineffi-
cient today. An entirely different time element required con-
sideration when grain was harvested by hand than when the use 
of machinery for this work became the common procedure. The 
introduction of the reaper and later the self-binder, with its pro-
gressive improvements thruout the last 50 years, has allowed 
continually increasing acreages to be handled with a given 
amount of labor and time. 
The more r·ecent development in · harvesting machinery, the 
combined harve'H.er-iiliresher, has brought a still more pro" 
nounced change. Where once grain was cut, bound in bundles 
and shocked, to be hauled later to the thresher, at a cost of 
nearly 30 cents per bushel of wheat, it now may be cut, threshed 
and binned in one continuous operation at a cost of approxi-
mately 12 cents. The fact that the" combine" will undoubtedly 
be used extensively over most of the Corn Belt area warrants an 
intensive study of the delay in harvest necessary for the success-
ful storage of the grain. 
In this bulletin data are submitted on the normal development 
of the kernel, the losses occasioned by premature harvest, the 
evidence on translocation of food materials after cutting, and the 
effect of delayed harvest on the yields of grain under Iowa con-
ditions. 
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HISTORICAL 
THE NORMAL DEVELOPMENT OF THE KERNEL 
The study of delayed harvest must of necessity involve an in-
vestigation of the processes occurring during the entire develop-
ment as well as the maturation of the kernel. As early as 1864, 
J. Pierre (31), in France, found that in wheat there is an in-
crease in yield thruout the ripening period. Isidore Pierre (32) 
a short time afterward stated that the accumulation of starch 
continues uniformly during the ripening period of the wheat 
kernel. During the earlier stage in the development of the 
kernel, the deposition is more rapid for the nitrogenous material 
than for the starch. The phosphoric acid attains its maximum 
well in advance of the starch, while the potassium, on the con-
trary, accumulates more slowly. 
Deherain and Breal (10) in their published results upon the 
maturation of certain herbaceous plants, divided annual plants 
into three classes: (1) those which have a decrease in weight im-
mediately after flowering; (2) those which show a decrease in 
dry weight but still retain sufficient vigor for a second growth; 
and (3) those which continne to increase in weight while the seed 
is ripening. 
Deherain and l\1eyer (11) and (12 ) in their study of the de-
velopment of oats found a continuous increase in the yield dur-
ing the ripening period, and in a similar experiment the follow-
ing year with wheat secured similar results. 
Kedzie (21) and (22 ) was apparently the first in America to 
investigate the changes in yield and composition occurring dur-
ing the ripening of wheat. His results showed continual in-
creases in yield from blossoming up to the period when the grain 
was entirely ripe, but he found no further "increase from allow-
ing the grain to become overripe or "dead ripe." Similar results 
were secured 11 years later (22) when he repeated the experi-
ment in great detail. The results of Kedzie's two experiments 
were confirmed by Teller (38) under Arkansas conditions in 
1898. 
Kornicke and Werner (25) made a study of the dry matter, 
starch, protein and ash at various stages of ripeness in wheat. 
Using 2,600 kernels they found a progressive increase in dry 
matter and starch, while the protein and ash remained prac-
tically constant during the last half of the ripening period. 
Snyder (36) verified these findings in 1893. He stated that dnr-
ing the 20-day period prior to harvest there is an additional gain 
of 10 percent in the organic matter and no material increase in 
the mineral content. The ash elements are assimilated quite in 
advance of the formation of the organic matter. 
I Deherain and Dupont (13) continuing the work with wheat 
at Grignon, state that the nitrogenous material is almost com-
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pletely elaborated at the time of the beginning of maturation, 
while starch continues to accumulate in the grain thruout the 
latter part of the season. 
Brenchlyl and Hall (6) in England, pointed out that in the 
formation of the wheat kernel there are three distinguishable 
stages: (1) a period when the pericarp is the most important-.. 
feature; (2) the period during which the endosperm is filled; 
and (3) the ripening period, characterized by the desiccation 
of the grain. 'l'he main feature of the ripening process is desic-
cation rather than the conversion of sugars into starch or non-
protein into protein, tho the8e changes do take place in a minor 
'ray. 
Brenchly (5) working with barley at Rothamsted, concluded 
that the weight of the whole plant increases steadily until desic-
cation sets in about three weeks prior to harvest. After this time 
there is a decrease. The nitrogen, ash and phosphoric acid in-
crease until the maximum plant weight is reached. 
Thatcher (39), working at Pullman, Washington, noted that 
all the compounds that enter into the kernel are deposited con-
tinuously in about the same proportions regardless of tpe age 
of the kernel up to the time of maturity. Eckerson (15) in 
micro-chemical studies following Thatcher's (39) analyses, states 
that there is a steady stream of nutrient materials from the 
leaves and glumes to the endosperm from the time the egg is fer-
tilized until maturity. The organic materials are largely fruct-
ose, glucose, arginine, histidine and leucin. Any excess of sugar 
condenses at once into starch. The excess asparagine and amino 
acids remain as such in the endosperm cells until desiccation of 
the grain. On desiccation of the grain protein appears as the 
storage form thru condensation. 
Harlan (18) and Harlan and Anthony (19) found the in-
crease in dry matter in the barley kernel to be continuous thru-
out the period of growth. 
Woodman and Engledow (44 ) state that the ripening process 
in wheat is solely one of desiccation. It is unaccompanied by 
transport into the kernel of any fresh material, or the occurrence 
of any marked chemical changes. There may, howeyer, at the 
beginning of desiccation, be some minor transformation of non-
protein to protein. 
In Nebraska, Kiesselbach (23 ) found the maximum weight of 
moisture-free wheat to be two days before the dead-ripe stage, 
when the grain contained 29.9 percent of moisture. ]<"'our days 
before dead-ripe, the moisture content was 38·-! percent· 
tDr. ""inifred Brenchly, in an interview at Rothamsted. April 10, 1929, co nc urred 
with the authors in their contentiou that the term maturity in itself is not sufficie ntly 
definite. She wa s of the opinion that it might be well placed at a tim.€' when the 
llloistu l'e content hn s reached n prescribed point. 
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LOSSES OCCASIONED BY PREMA'l'URE HARVEST 
'fhe experience of many growers as well as the experiments of 
numerous investigators has led to the belief that quality is re-
duced by allowing grain to stand to complete maturity before 
harvesting. Many growers also contend that the full yield of 
grain has been attained when the kernel has reached its maxi-
mum size and the straw has become mature at the base. 'fhey 
maintain that no more food material is received from the soil 
and that the grain will "fill out in the shock." From this has 
gro'wn the more or less prevalent idea that early cutting mate-
rially improves the quality without. reducing the yield. '1'hat 
this is a fallacy can hardly be debated. The losses occasioned 
by premature harvest have been demonstrated under a wide 
variety of conditions. 
While Kedzie (21) and (22), Teller (38), Brenchly (5) and 
(6), '.Chatcher (39), (40) and (41), Harlan (18), (19) and (20), 
Woodman and Engledow (44), Olson (30) and Kiesselbach 
(23 ) have shown increases in yield up to maturity ,their experi-
ments were largely confined to the development and composition 
of the. kernel. A number of other investigators have given par-
ticular attention to the losses occasioned by premature harvest. 
Georgeson and Cottrell (17) at Kansas in 1890, obtained a 
slight increase in yield of oats from the dough to the fully ripe 
stage of harvest. Bedford (4) later secured more pronounced 
results with wheat harvested at four stages of ripeness, the 
highest yield being at the "yellow ripe" stage. Griggs (7) in 
his experiment at Michigan in 1891, also found that the weight 
of grain increases at successive periods of cutting up to the" yel-
low ripe" stage, after which there is a .slight falling off. Mc-
Dowell (28) while showing a continuous increase in yield up to 
maturity, concludes that these increases are not sufficient to 
warrant the delay of harvest later than the stiff dough stage for 
Gypsum wheat under Nevada conditions. 
Davenport and Fraser (9) in experiments carried on in Illi-
nois thru four successive seasons, secured continuous increases 
in yield from the time the grain was in the watery condition until 
it was ripe. Similar results were secured by Nedokutschajew 
(29) at Moscow, Russia. Cardon's (8) findings derived from 
four years' work with winter wheat at Nephi, Utah, show in-
creased yields only to the hard dough stage. Saunders (33) in 
presenting the experiments of }\'[oe at Ottawa on premature har-
Vlesting of Marquis wheat from July 21 to Aug. 15, 1917, states 
that the growth is continuous over the entire period, prior to 
each of the harvest dates. 
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Olson (30) found that in wheat, under all conditions the in-
crease in weight of grain is continuous, but that this increa::,e 
ceases when the moisture content of the gra~n has been reduced 
to 40 percent or less 
Kiesselbach and Lyness (24) in three years' work with Kher-
son oats at Nebraska, secured increases in yield up to two days 
before ripe, and concluded that it is good pl'actice to hal'vef:lt 
oats on "the slightly green order but not to exceed two days 
before ripe." Yields were reduced 7.4 and 10.4 percent, re-
spectively, on harvesting four and six days before maturity. In 
a later publication (23), Kiesselbach reports that winter wheat 
increases considerably in yield when cuttings are not made until 
the grain is ripe. The late dough gives a greater yield than the 
early dough stage. 
While Shutt (35) working in Manitoba had previously stated 
that the growth of rust arrests development and induces prema-
ture ripening, Stoa (37) concludes that even in harvesting of 
wheat maturing under rust infections, the plant continues to 
transport material into the kernel. He states that wheat matur-
ing normally in North Dakota is ready for harvesting when in a 
semi-hard condition and that over-ripeness reduces the yields 
thru shattering and excessive drying and needlessly exposes the 
crop to insect pests, hail and other crop destroying agencie..; . 
Too early harvesting prematurely shuts off the translocation 
process and reduces the yield and quality. The existing idea in 
favor of an earlier harvest of rusted wheat is not based on fact. 
Justification of the practice must primarily be concerned with 
protection against storms and other crop destroying agenciw). 
Wilson and Raleigh (43) arrived at identical conclusions from 
their work on rusted grain at the Minnesota Station in 1927. 
Arny and Sun (1) present data from results secured in Min-
nesota in 1925, which indicate that in cutting wheat and oats 
before they are mature, the bushel weight as well as the yield 
is reduced. This work was repeated and confirmed by Wilson 
and Raleigh (43) in 1927. 
Zavitz (45) has recently published a summary of 29 years ' 
results of an experiment on time of cutting two varieties of 
winter wheat at Guelph, Ontario. The grain was harvested 
at the usual stage and at weekly intervals for two weeks before 
and two weeks after that time,-five stages of harvest. At the 
fourth stage the grain was considered" fully ripe" and at the 
fifth was in a condition designated as "dead ripe." His results 
indicate that the largest yield is secured when the harvest is 
delayed until the grain is "fully ripe," or one week later than 
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the general practice in Ontario. Delong (14) in Alberta shows 
not only a reduction in yield 'when the harvest is premature, 
but also a lowered value per bushel. The yields varied from 
54.1 percent of the maximum, worth only 48 cents per bushel 
in the late milk stage, to 100 percent worth 95 cents per bushel 
in the soft medium dough stage, 12 days later. 
EVIDENCE OF TRANSLOCATION AFTER HARVEST 
Briggs (7), in his experiment at Michigan in 1891, and Kedzie 
(22) the following year, show that wheat when cured very 
slowly increased in weight during the curing process. Briggs 
states that grain appears to derive additional weight from the 
straw following cutting even after it seems fully ripe, and that 
it derives considerably more from the entire straw than from the 
detached heads. Teller (38) repeated and confirmed Kedzie's 
work in 1896 in Arkansas. 
Davenport and Fraser (9) conducted a four-year series of 
experiments upon the time and manner of harvest. They har-
vested wheat at five stages of maturity. From each cutting a 
20-pound sample of fresh material was dried in the sun and a 
similar amount in the shade, to simulate binding and shocking, 
and from an equal amount the heads were removed and dried 
in the shade. They reported that for wheat harvested in the 
watery, milk, dough and ripening stages there is an increase in 
yield from curing on the straw and that this increase is greatest 
when the rate of drying is retarded by shade. At the fully ripe 
stage there is no increase during the curing process. Their data 
show that the translocation occurring after cutting is by no 
means as rapid as when the grain is allowed to remain standing 
in the field until fully ripe. 
Saunders (33) calls attention to the fact that in Moe's experi- . 
ment heads gathered with three inches of straw produced kernels 
that were fully as heavy as those cured with half length or full 
length straw. He concludes from this that little if any translo-
cation took place during curing. . . 
Olson (30) as previonsly cited, contends that translocation 
ceases when the moisture content drops below 40 percent and 
that there is no scientific foundation for the theory that the_ 
grain will fill after cutting. 
Harlan and Pope (20) state that immature barley kernels 
apparently extract food material from the culm after harvest. 
They demonstrate that these kernels, when kept moist on the 
culm, continue to grow, both in endosperm' and in embryo, for 
at least eight days after han-est. 
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Arny and Sun (1) find that the weight of 1,000 kernels from 
cuttings made at various stages of maturity with wheat and 
oats, are as great when dried rapidly in the oven as when cured 
slowly in the shock. 'l'hey offer this as additional evidence that 
translocation of food materials after harvest does not take place 
to an extent that influences yield. 
EXPERIMENTAL 
EFFECT OF DELAYED HARVEST ON YIELD OF GRAIN 
An experiment to determine the duration of the profitable 
harvest period of small grains was conducted jointly by the 
Agronomy and the Botany and Plant Pathology Sections of the 
Iowa Agricultural Experiment Station during the summers of 
1927 and 1928. The need fo,r reliable data on this subject was 
reflected by requests for information that were being received. 
These requests were closely associated with the introduction of 
the combined harvester-thresher, and it seemed evident, from 
the history of the expansion in other states, that there was to b8 
a decided increase in the number of "combines" used in Iowa. 
In Kansas the number had grown from 1 to 8,274 since 1918; 
in NOl'th Dakota from 1 to 200 in 3 years; and in Illinois from 
1 to 300 in 3 years. · 
The available evidence that had been secured in other parts 
of the country was of doubtful reliability when translated to 
Iowa conditions. LeClerc and Breazeale (26) have shown how 
soil factors may materially influence the economy of any harvest-
ing practice, new or old. It is also true that kind and variety 
of grain play an important role in the matter of disease resist-
ance, lodging and shattering. The variability of these factors 
has been used as the basis for the following investigation. 
The literature that has been previously reported in this bulle-
tin suggests that a study of the above factors may well be based 
on the hypotheses; (1) that there is a continual increase in the 
weight of kernel from blossoming to the stage of maturity at 
which it contains approximately 40 percent of water; (2) that 
losses in weight or yield are marked by a progressive increase 
in severity during and following the period of ripening and 
desiccation. In other words, it seems that the relation of yield 
to time of harvest will produce a curve that will rise rapidly 
from blossoming time to maturity, remain fairly level for a time 
and then fall, slowly at first, but with increasing rapidity as 
time progresses. 
The 1927 Tests. To study the effect of soil, climate, crop and 
variety upon delayed harvest, the following series of tests were 
inaugurated in 1927. Locations were secured on di""erent parts 
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of the college fields and on nearby farms where yield and moist-
ure (harvest) data could be obtained. 'fhe different grains and 
varieties used and the contributing agencies were: 
Crop 
'Wheat 
Oats 
Barley 
Variety 
Iobred 
Ioturk 
Iogold 
Iogold 
Iowa No. 105 
Iowar 
Green Russian 
Oderbrucker 
Oderbrucker 
Operator 
Soils Section, Ia. Agr. Expt. Sta. 
W. S. Grove, Ames farmer 
Carl Ringgenberg, Ames fal'mer 
Soils Section, Ia. Agr. Expt. Sta. 
Animal Husbandry Dept., I. S. C. 
Animal Husbandry Dept., I. S. C. 
W. S Grove, Ames farmer 
G. E. Plagmann, Ames farmer 
Chester Persons, Ames farmer 
The method of procedure was as follows: Rectangular areas 
of approximately one-twentieth aCl~e were secured at each of the 
above locations. Each of these areas was then divided into 10 
equal subdivisions. Semi-weekly cuttings of 15 square feet-
150 square feet total-were made from each of these 10 sub-
divisions, as illustrated by the shaded portions in fig. 1. Mate-
rial for moisture determinations was also secured at this time 
by collecting a composite sample of about two square feet near 
each of the harvested sub-areas. 
~ 
10 
- q - 8 --% 7 - 6 -~ ~ 
~ 
-
I 
- 2 r-- 3 r-- 4 ~r- 5 
~ 
Fig. 1. Diagram showing characteristic arrangement of harvested areas. The 
semi-weeklY cuttings, illustrated by the shaded portions, proceeded systematically as 
indicated by the arrows. 
Yield determination: 'l'he harvested grain from each sub-
division was bundled and capped so that no loss could occur. 
The 10 bundles from the 150 square feet of area were then as-
sembled and shocked in the open until threshed, at which time 
the moisture content of the grain varied between 11 and 13 per-
cent. The semi-weekly yields, shown in bushels per acre, on a 
uniform air-dry basis, are presented in the following tables and 
charts. They are calculated from the mean averages secured 
from the 10 bundles that were harvested according to standard 
crop nursery practice. Their reliability is indicated by the prob-
able error as determined from the standard deviation , of the 
yields of the 10 bundles from their mean. 
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Moisture determinations: The moisture content of the grain 
at the time of harvest was determined, by the Brown-Duvel 
method, from the composite sample gathered when the yield-
areas were cut. These data are presented, together with the 
yields and their corresponding bushel weights, in the accom-
panying tables and charts. Attention is called to the fact that 
the yields are based on a 12 percent moisture content. 'fhe moist-
ure percentages relate only to the keeping quality of the grain 
on the date of harvest. 
In the following charts the yields and the moisture percent-
ages are presented by points on the graph. For the moisture 
percentages these points have been connected as a "curve." In 
presenting the yields, however, a trend line has been established 
by the" rule of averages." Some readers may consider that the 
peak yields in the data are due to chance alone and that there 
should be no change of direction of the trend line. In the pre-
sented data this phenomenon, the change of yield trend, is re-
peated with such consistency that its recognition seems impera-
tive. The exact location of the break, and whether there be one 
or more, must of necessity be arbitrary. 
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FIELD 1: CROP: Winter wheat. VARIETY: 10tHed. 
OPERATOR: Soils Section, Iowa Agricultlll'al Experiment Station. 
FlOIL '1'YPE: Carrington loam. TOPOGRAPHY: Roll ing. 
PREVIOUS CROP: Clover. PREP ARATION: Plowed. 
Yields, Bushel Weights and Moistnre Contents on Different Dates: 
Date 
harvested 
July 11, 1927 
August 
o 
Z 
c{ 
50 
lIJ 40 
IIJO! O!~ 
~ I-DI 
CJ) UJ 30 00. 
Lei) 
...J 
I- UJ zo 
Z:I: 
tJ.JeI) U~ 
O! 10 
Il.1 
0.. 
14 
18 
21 
25 
28 
1 
4 
9 
~ ~ , 
""", 
\ 
, 
, 
\.. 
Yield Bu:;;hel 
per acre weight 
Bu. P.E. Lh8. 
35.04 ± 1,45 62 
35.94 ± 1.33 61 
39.39 ± .99 62 
38.70 ± 1.27 62 
37.65 ± 1.63 61 
33 .00 ± .90 61 
36.87 ± 1.26 61 
32.37 ± 1.39 61 
33.06 ± 1.33 60'h 
I I I I 
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)Ioi s ture 
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12.2 
14.4 
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I 
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12 
DATES IN JULY AND AUGUST I q27 
Fig. 2. Showing the relation of yield and moisture to time of harvest. 
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FIELD 2: CROP: Winter wheat. VARIE'l'Y: Ioturk. 
OPERATOR: W . S. Grove, Ames · farmer. 
SOIL 'l'YPE : Carrington loam. 
PREVIOFS CROP : 
TOPOGRAPHY: Not"th slope. 
PREPARATION: Plowed. 
Yields, Bushel ·Weights and Moisture Contents on Different Dates: 
Date Yi eld Bushel ~Ioi s t· , re 
harvested pet· acre weight content 
Bu. P.E. Lb:::. Percentage 
July 19, 1927 23.80 ± l.l0 59 37.4 
22 27.60 ± l.00 591h 29.9 
26 27 .00 ± .60 59% 18.6 
29 25.60 ± .50 59 14.8 
August 1 22 .30 ± .60 59 12.6 
4 25.90 ± .60 59 1l.1 
S 27.30 ± .60 fi8 15.2 
11 26.10 ± l.00 58 14.8 
15 26.30 ± 1.10 57 14.4 
" , 
, .... 
~, 
!--- 0 0 0 , 
-
, 
0 , I 
b.... )..-~.....,.. 
.... '0..._ ...... 
---<> 
~ Yield ---- -<>--- " ...... 
Moi6tUYe ---
I I 
IS 1'1 23 27 31 4 6 12 
DATES IN JULY AND AUGUST 1'12.7 
Fig. 3. Showing the r elation of yie!d and moisture to time of harvest. 
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FIELD 3. CROP: Early oats. VARIETY: Iogold. 
OPERA'fOR: Cam Ringgenberg, Ames farmer . 
.sOIL TYPE: Cardngton loam. 'l'OPOGRAPHY: Rolling. 
PREVIOUS CROP: Corn, hogged down. PREPARATION: Disced. 
Yields, Bushel Weights and Moisture Contents on Different Dates: 
Date Yield I Bushel ~Ioist'l1'e harvested per acre weight content 
Bu. P.E. Lbs. Percentage 
July 11, 1927 54.72 ± 1.00 30 28.0 
14 49.74 ± 1.34 31 18.0 
18 47.56 ± 1.94; 30 10.4 
21 59.28 ± 1.28 30 10.0 
25 56.42 ± 1.22 29 10.8 
28 48.44 ± .90 29 8.8 
August 1 44.06 ± 1.20 29 8.4 
5 48.34 ± 1.10 28 8.S 
9 49.62 ± .98 27 13.6 
11 43.30 ± 1.72 27 13.2 
19 46.36 ± 1.24 24 ...... 
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~ ~ ~ 
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01 l:: !:l40 
=>01 
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au 
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o 
\I 
, 
, 
, 
, 
0 
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" 
15 
0 
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0 ~ 
.......... 
Y ;(tld 
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Moistur(t ---
P--00 
, 
.. 
-<;,," 
-0--- -0---
lq 23 27 31 4 .9 12 
DATES I N JULY AND AUGUST 1Cl\27 
Fig. 4. Showin:& the relation of yield and moistul'e to time of h arvest. 
l~ 
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FIELD 4. CROP: Early oats. VARIETY: Iogold. 
OP ERA TOR: Soils Section, Iowa Agricultural Experiment Station. 
SOIL TYPE: Webster loam. TOPOGRAPHY: South slope. 
PREVIOUS CROP : Corn. PREP ARATION: Fall·plowed. 
Yields, Bushel Weights and Moisture Contents on Different Dates: 
Date 
harvested 
July 
August 
70 
o 
2 50 
-«Ill 
III 
IllU QI-« 
:I III 40 
I-w ~o. 
o 
I: III 
..J 30 I-w 
2::t 
III III (.):1 
OlIO 20 
III 
0. 
10 
19, 
22 
25 
28 
1 
4 
9 
11 
20 
o 
15 
Yield Bushel Moisture 
per acre weight content 
---f--------------
Bu. P.E. Lbs. Percentage 
1927 61.70 ± 2.70 31 23.6 
61.10 ± .85 31 13.6 
57.80 ± 1.12 30lh 14.8 
64.30 ± 1.68 30 12.0 
59.00 ± 1.49 30 10.4 
51.60 ± 1.52 30 8.0 
54.40 ± .88 30 13.2 
48.50 ± 2.00 30 13.2 
49.70 ± .96 30 13.4 
0 l.---~ "-
~ 0 ......... ~ ~ 
0 .............. ~ 
Yield 
--
Moistl.ArlZ 
---
\ 
\ 
b-1--"'- '""0-__ 
.1>-__ 
-------~ 
,. 
--
)""-' 
Iq 23 27 31 4 e 12 Ie.. 20 
OATES IN .JULY AND AUGUST ,QZ7 
Fig. 5. Showing the relation of yield and moisture to time of harvest. 
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FIELD 5. CROP: Early oats. VARIETY: Iowa No. 105. 
OPERATOR: Animal Husbandry Depal'tment, Iowa State College. 
SOIL TYPE: Canington loam. TOPOGRAPHY: Level. 
PREVIOUS CROP: Corn. PREP ARATION: Disced. 
Yields, Bushel Weights and :MoistUl'e Contents on Different Dates: 
Date Yield Bushel Moist ll'e 
harvest ed pel' acre weight content 
Bu. P.E. Lbs. Percentage 
July 14, 1927 45.16 ± 1.00 29 112 35.4 
18 49.30 ± 1.08 29% 23.2 
21 45.36 ± .76 30 16.8 
25 51.78 ± 1.32 30 10.4 
28 49.82 ± 1.42 29 10.8 
August 1 46.40 ± .78 30 10.4 
4 49.08 ± 1.02 29 8.0 
9 45.64 ± .98 28 10.4 
11 46.42 ± 1.42 28 13.6 
15 43.36 ± .94 28 10.0 
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FIELD 6. CROP: Early oats. VARIETY: Iowa,'. 
OPERATOR: Animal Husbandry Department, Iowa State College. 
SOIL TYPE: Carrington loam. TOPOGRAPHY: Rolling. 
PHEVIOUS CROP: Corn. PREPARATI ON: 
Yields, Bushel Weights and Moisture Contents on Different Dates: 
Date . Yield Bushel Moisture 
lwrvested' pel' acre weight content 
Bu. P.E. Lbs. Percentage 
July 19, 1927 42.64 ± 1.08 241;2 22.8 
22 44.16 ± 1.36 24 15.6 
26 42.90 ± 1.32 24 10.0 
29 38.48 ± .52 24 8.8 
August 1 36.96 ± 1.16 24 8.8 
4 39.66 ± 1.30 24 8.8 
9 34.17 ± .94 ~4 12.8 
15 25.18 ± .78 24 14.2 
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Fig. 7. Showing the relation of yielrl and moi sture to time of harvest. 
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FIELD 7. CROP: Midseason oats VARIETY: Green Russian. 
OPERATOR: W. S. Grove, Ames farmer. 
SOIL TYPE: Webster loam. TOPOGRAPHY : Level. 
PREVIOUS CROP : Corn. PREPARATION: Disced. 
Yields, Bushel Weights and Moisture Contents on Different Dates: 
Date Yi eld I Bushel Moisture harvested per acre weight content 
Bu. P.E. Lbs. Percentage 
July 22, 1927 39.1-1 ± 1.08 25 42.2 
26 40.58 ± 1.04 26 33.6 
29 40.76 ± 1.28 26 16.4 
August 1 36.12 ± 1.08 25 9.6 
4 36.04 ± 1.80 25 8.8 
8 37.02 ± 1.30 25 11.6 
11 31.50 ± .84 24 11.6 
15 27.62 ± 1.08 24 9.2 
50 
r 1 1 1 1 I ~w ~ I i I Lt---L ~~40 I', I ~ t i!iil301-----1Yf.....I-It-ld---l_-~~~I-'-'\t'\ 1, 0 i I --+--.. i,' I ~ 
Moistuy/Z. --- I 
! ~: L-_--1 ___ ...... I _.....J''--_-.l._'_\_"....I'--_-_---I._-__ tL---_-_"'''-- -'-l-----_ _ ' · 
II IS Iq 23 27 31 4 6 12 16 
DATES IN JULY AND AUGUST 1'\"27 
Fig. 8. Showing the relation of yield and moisture 'to time of harvest. 
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FIELD 8. CROP: Barley. 
OPERATOR: G. E. Plagmann, Ames 
80IL TYPE: Carrington loam. 
PREVIOUS CROP: Sweet clover. 
VARIETY: Oderbrucker. 
farmer. 
TOPOGRAPHY: East slope. 
PREP ARA TION : Disced. 
Yields, Bushel Weights and Moisture Contents on Different Dates: 
Date 
harvested 
July 
August 
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Yield I Bushel I Moisture pel" acre weight content 
Bu. P.E. Lbs. Percentage 
1927 26.87 ± .66 41 35.8 
27.37 ± .54 40 16.8 
29.71 ± 1.00 40 16.8 
25.70 ± .81 39 14.2 
23.20 ± .75 37112 10.8 
20.47 ± .86 38% 10.4 
19.04 ± .40 35 9.6 
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Fig. 9. Showing the relation of yield and moisture (0 time of harvest. 
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FIELD 9. CROP: B a rley. VARIETY : Oderbrucker 
OPERA TOR: Chester Persons, Ames farmer. 
SOIL 'l'YPE: Webster loam. TOPOGRAPHY: L evel. 
PREVIOUS CROP: Corn. PREPARATION : Disced. 
Yields, Bnshel W eights and Moistnre Contents on Different Dates : 
Date Y ield Bush el Moi sture 
han-ested pel" acre weight content 
Bu. P.E. Lbs. P ercentage 
July 14, 1927 29.52 ± l.44 46 38.4 
18 27.62 ± l.35 47 25.0 
21 30.10 ± l.27 47 13.6 
26 23.31 ± 1.10 45 1h 12.0 
29 17.15 ± .91 45 1l.2 
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Fig. 10. Showing the rela tion of y ield and moisture to time of harvest . 
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The 1928 Tests. As the 1927 data are somewhat modified by 
those secured in 1928, it has seemed advisable to postpone their 
discussion until those for both seasons haye been presented. The 
experience gained in 1927, however, seemed to warrant a re-
organization of the methods of procedure. The period of profit-
able oats harvest, quite contrary to the findings of Schwantes 
(34), appeared to be goyerned to a marked degree by variety 
and its correlated factors. As it seemed probable that a similar 
condition might be encountered with other crops, the number 
of varieties were increased and all were grown under as nearly 
uniform conditions as possible at the Agronomy Farm. The 
varieties were chosen to represent a wide range of variability in 
date of maturity, height, lodging and disease resistance. They 
were sown with a drill, April 4, on fall plowed Carrington loam 
soil, level and uniform in fertility. 
The varieties used were: (1) Winter wheat: Iobred and Tur-
key; (2) Oats: Iogold, Iowa No. 105, IowaI', Iowa No. 444, Iogren 
and Iomine; and (3) Barley: Oderbrucker, Minsturdi, 'rrebi and 
Velvet. 
The harvest cuttings, curing, threshing and moisture deter-
minations were made as described for 1927. The results are 
shown in the following tables and figures. 
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PLAT 1. CROP: Winter wheat. VARIETY : Iobl'ed 
Yields, Bushel Weights and Moisture Contents on Different Dates: 
Date 
harve!!'ted 
July 
August 
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Yield Bushel Moisture 
per acre weight. cont,eDt 
Bu. P.E. Lbs. Percentage 
44.5 ± 1.29 61.0 47.0 
43.9 ± 1.26 61.0 38.0 
46.7 ± 1.22 61.0 25.5 
44.4 ± 1.13 61.0 22.0 
43 .8 ± 1.26 61.0 14.2 
42.7 ± .99 60.0 14.0 
42.1 ± 1.24 59.0 14.8 
42.1 ± 1.23 58.5 13.4 
39.9 ± .81 58.5 16.0 
40.2 ± .88 56.5 15.2. 
38.9 ± .83 56.5 14.0 
41.9 ± 1.17 56.5 14.2 
41.2 ± 1.30 55.5 16.8 
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Fig . 11. Showing the relation of yield and moisture to time of harvest. 
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PLAT 2. CROP: Winter wheat. VARIETY : Turkey. 
Yields, Bushel Weights and Moisture Contents on Different Dates: 
Date Yield Bushel Moistur~ 
harvested per acre weight content 
Bu. P.E. Lbs. Percentage 
July 11, 1928 34.3 ± 1.49 58.0 41.0 
August 
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34.4 ± .92 58.0 34.5 
31.9 ± 1.03 58.0 26.0 
32.0 ± .90 56.0 20.0 
33.0 ± 1.29 55.0 14.0 
31.5 ± 1.10 53.0 12.7 
27 .9 ± 1.02 53.0 15.6 
28.8 ± 1.42 53.0 13.2 
25.3 ± 1.14 52.0 15.2 
24.6 ± .75 52.0 14.0 
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Fig. 12 . Showing the relation of yield and moisture to time of harve~t. 
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PLAT 3. CROP: Early oats. VARIETY: Iogold. 
Yields, Bushel Weights and Moisture Contents on Different Dates: 
Date 
h n rve.o;:ted 
July 10, 1928 
August 
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Yield Bushel Moisture 
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Bu. P.E. Lbs. Percentage 
68.4 ± 1.67 26.0 46.8 
64.2 ± 1.24 28.0 40.0 
66.1 ± 1.71 28.5 33.5 
64.9 ± 2.13 29.0 26.0 
65.5 ± 2.43 29.0 16.8 
64.7 ± 1.31 29.5 13.4 
52.6 ± 1.59 29.5 13.2 
51.5 ± 1.45 30.0 13.6 
44.8 ± 1.46 29.0 14.2 
44.4 ± 1.90 28.5 16.0 
39.7 ± 1.90 29.0 14.0 
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Fig. 13. Showing th e relation of yield and moisture to time of harvest. 
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PLAT 4. CROP: Early oats. VARIETY: Iowa No. 105. 
Yields, Bushel Weights and Moistme Contents on Different Dates: 
Date Yield Bushel 
r 
Moisture 
ha rve sted pel" acre weight content 
Bu. P.E. Lbs. Percentage 
July 10, 1928 56.9 ± 1.25 30.0 43.6 
13 51.5 ± 1.10 32.0 39.5 
16 54.5 ± .95 32.0 26.5 
• 18 52.3 ± 1.30 32.0 18.4 
23 52.4 ± 1.02 32.0 14.8 , 
26 52.4 ± 1.43 32.5 13.0 
30 42.0 ± 1.34 32.0 13.6 
August 2 38.8 ± 1.16 32.0 14.0 
6 35.4 ± 1.39 32.0 13.6 
9 31.3 ± 1.79 31.5 14.0 
13 27.3 ± 1.45 32.0 14.6 
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Fig. 14 . Showing the relation of yield and moisture to time of harves t. 
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PLAT 5. CROP: Early oats. VARIETY : I owar. 
Yields, Bushel Weigh,ts and Moisture Contents on Different Dates: 
Date Yield Bushel l\tloisture 
harvested per acre weight content 
Bu. P .E . Lbs. Percentage 
July 11, 1928 58.2 ± 1.54 26.0 47 .0 
13 50.3 ± 1.22 27.5 44.5 
16 58.9 ± 1.97 27.0 35.5 
18 58.9 ± 2.44 28.0 24.8 
23 55.6 ± 2.20 28.0 17.6 
26 58.1 ± 1.89 27 .5 13.9 
30 48.7 ± 2.25 29.0 13.6 
'A ugust 2 42 .0 ± 2.41 29.0 14.0 
6 39.9 ± 1.43 27.0 14.0 
9 35.9 ± 2.14 27.0 14.6 
13 32.6 ± 1.44 27.0 . 12.8 
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Fig. 15. Showing the relation of yield and moi sture to time of harve.st . 
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PLAT 6. CROP: Early oats. VARIETY: Iowa No. 444. 
Yields, Bushel Weights and Moisture Contents on Different Dates: 
Dat .. Yield Bushel M_oist:lre 
harvested pel' aore weight content 
Bu. P.E. Lbs. Percentage 
July 10, 1928 53.9 ± 3.42 26.0 54.4 
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54.2 ± 1.43 28.0 40.0 
55.9 ± 1.4t\ 28.0 38.0 
56.4 ± 1.56 29.5 29.6 
55.0 ± 1.63 29.5 18.4 
55.3 ± 2.02 30.0 16.2 
45.7 ± 1.47 30.0 13.2 
44.6 ± 1.28 30.0 14.0 
41.1 ± 1.17 30.0 15.6 
38.9 ± 1.25 29.0 14.8 
40.1 ± 1.57 29.0 13.6 
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Fig. 16. Showing the relation of yield and moisture to time of harvest. 
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PLAT 7. CROP: Midseason oats. v ARIE'rY: Iogren. 
Yields, Bushel Weights and Moisture Contents on Different Dates: 
Date YieJd Btlshel :Moisture 
harvested per acre weight content 
Bu. P.E. Lbs. Percentage 
July 11, 1928 45.5 ± 1.20 22.0 50.0 
14 48.1 ± 1.51 25.0 46.5 
17 52.3 ± 1.76 28.5 41.2 
19 54.0 ± 1.43 29.0 30.8 
24 56.5 ± 1.86 30.0 19.4 
27 45.6 ± 1.55 29.5 20.0 
31 45.3 ± 1.70 30.0 18.2 
Angust 4 35.0 ± 1.80 28.5 14.2 
8 35.5 ± 1.19 28.5 16.8 
10 35.1 ± 1.98 28.0 14.0 
13 29.9 ± 1.09 28.0 12.2 
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Fig. 17. SllOwing the relation of yield and. moisture .to titne of harvest. 
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P L AT 8. CROP: Midseason oats. VARIETY: Iomine. 
Yields, Bushel Weights and Moisture Contents on Different Dates: 
Date 
ha],vested 
July 
Angust 
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Yield Bushel l\Ioisture 
pel' aCre weight content 
Bu. P.E . Lbs. Percentage 
1928 52.7 ± 1.41 21.0 56.5 
46.1 ± .80 23 .5 52.0 
56.6 ± 1.28 26.0 47 .2 
56.9 ± 1.13 28.0 39.2 
63.5 ± 1.78 31.0 26.0 
52.8 ± 1.43 30.5 21.8 
51.2 ± 1.72 30.0 17.6 
39.7 ± 1.91 29.5 14.4 
37.9 ± 1.71 29.5 16.0 
34.8 ± 1.85 29.5 13.6 
28.1 ± 1.06 29.5 10.8 
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Fig. 18. Sho-wing the relation of yield'and moist.u :'e to time of han'est. 
1<; 
330 
PLAT 9. CROP : Barley. VARIETY: Oderbrucker. 
Yields, Bushel Weights and Moisture Contents on Different Dates: 
Date 
harvested 
July 11, 
14 
17 
19 
24 
27 
31 
August 4 
8 
10 
13 
Go O 
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Yield 
I 
Bushel Moisture 
per acre weight content 
Bu. P.E . Lbs. Percentage 
1928 28.7 ± 1.47 37.0 56.0 
28.1 ± 1.04 38.0 46.0 
30.1 ± .79 40.0 40.4 
29.7 ± .77 41.0 29.6 
30.7 ± 1.61 40.0 18.0 
27.9 ± 1.16 41.0 20.2 
24.9 ± 1.25 40.0 17.8 
19.3 ± .88 39.0 17.6 
19.0 ± .93 39.0 17.0 
18.3 ± .88 39.0 14.8 
16.3 ± .69 39.0 12.4 
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PLAT 10. CROP: Barley. VARIETY: Minsturdi. 
Yields, Bushel Weights and Moisture Contents on Different Dates: 
Date Yield Busliel Moisture 
I.arvested per aCTe weight content 
Bu. P.E. Lbs. Percentage 
July 10, 1928 38.1 ± 1.10 36.0 50.8 
13 32.9 ± 1.47 39.0 40.0 
16 38.2 ± 1.21 41.0 28.0 
19 35.9 ± 1.05 41.0 20.0 
23 32.6 ± 1.12 41.0 13.6 
26 30.5 ± 1.08 39.0 13.3 
30 32.1 ± 1.43 38.0 14.2 
August 2 30.3 ± 1.22 38.5 14.6 
6 29.8 ± .94 37.5 14.8 
9 28.7 ± .97 37.5 14.0 
13 25.3 ± .81 37.0 12.2 
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Fig. 20. Showing the r elation of yield and moisture to time of harvest. 
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PLAT 11. CROP: Barley. VARIETY: Trebi. 
Yields, Bushel ~Weights and Moisture Contents on Different Dates: 
Date 
harvested 
July 11, 1928 
August 
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Yield L;shel ~'Ioi stl1re pe r acre weight content 
Bu. P.E. Lbs. Percentage 
47.3 ± 1.95 39.0 48.5 
41.8 ± 1.27 42.0 40.5 
40.9 ± .99 42.5 32.8 
38.6 ± 1.21 43.0 22.0 
40.1 ± .98 42.5 15.8 
41.0 ± 1.65 41.0 20.0 
41.4 ± 1.22 41.0 16.8 
32.1 ± .86 40.0 18.0 
31.8 ± 1.30 40.0 17.2 
28.8 ± 1.43 39.0 14.0 
24.5 ± .72 39.0 12.0 
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Fig. 21. Showing the relation of yield and moi sture to time of harvest. 
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PLAT 12. CROP: Smooth awned barley. VARIETY: Yelvet 
Yields, Bushel Weights and Moisture Contents on Different Dates: 
Date Yi eld Bush el Moisture 
har\"ested pe l' acre weight content 
Bu. P .E. LbR. P e rcentage 
July 11, 1928 36.0 ± 1.23 38.5 51.5 
14 37.3 ± 1.20 40.0 45.0 
17 29.2 ± .91 41.0 44.2 
19 29.3 ± 1.03 43.0 38.4 
23 29.8 ± 1.42 42.5 ' 17.6 
27 27.3 ± 1.87 42.0 20.4 
29 22.7 ± 1.33 42.0 13.6 
August 2 20.4 ± 1.10 42.0 14.0 
8 17.1 ± 1.33 41.0 17.2 
9 15.7 ± .95 41.0 14.4 
13 14.5 ± .65 40.0 13.8 
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DISCUSSION 
In studying the data on the factors influencing the harvest 
period, it is apparent that environmental and varietal differ-
ences have presented some rather unexpected phenomena. In 
endeavoring to interpret some of these phenomena, explanations 
are presented that appear to be plausible, at least, with the full 
realization that two seasons' observations with a dozen varieties 
are insufficient evidence upon which to draw conclusions for 
general application. 
From the evidence obtained it would appear that some modi-
fication is necessary in the original statement of the experiment 
(see page 309). '1'he theory has been adyanced by various workers 
that the kernel increases in weight from flowering to the stage 
of maturity, at whcih time it contains 40 percent of water, Olson 
(30) and Harlan (18). The evidence secured from 21 series of 
determinations. made in 1927 and 1928 would appear to indicate 
that photosynthesis and translocation do not always stop when 
the moisture content drops below 40 percent. From a study of 
the tables and charts already presented it will be observed that 
in 1927, with weather that occasioned rapid ripening and de.,ic-
cation, the yields continued to rise after the moisture content 
dropped considerably below 40 percent. In 1928, with its suc-
cession of storms and high humidity, the moisture content 
dropped much more slowly than in 1927, but the yields con-
tinued to rise for a considerable period after the moisture con-
tent had fallen below the 40 percent mark. 
The moisture content on the date of the peak yield of each of 
the varieties is presented in table I. 
Note should be made of the fact that the 1928 oats and barley 
were subjected to a severe hail storm on July 11. The yields of 
the earlier varieties were much reduced, as shown by the yield 
data of July 10-11 and July 13-14. Altho the data secured be-
fore the storm are presented, the second harvest date, July 13-14, 
has been used as the basis for the conclusion that increases in 
yield do, under some circumstances, occur after the moisture con-
tent drops below 40 percent. 
The factors which alter the duration of the harvest period 
may be presented in three groups: (1) soil and other cultural 
influences; (2) climate, with its effect upon the development 
and maturation of the kernel as well as yield losses; and (3) the 
crop or kind of grain and th~ modifications that may come from 
varietal selection. 
The effect of soil, while recognized to have an influence upon 
the harvest period, was found to include additional factors, that 
so far have been incapable of isolation. Relative degrees of fer-
tility and drainage together with methods of preparation are so 
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TABLE 1. THE MOISTl"RE CONTENTS OF YARIETIES HARVESTED AT THE 
DATE OF THEIR PEAK YIELDS AT AMES, IOWA, IN 1927 AND 1928, 
1 
Acre· I Moi sture 
Field or y ield content 
plat No, VaIiet~· and crop Date bu. percentage 
1927 
Field 1 Iobl'ed wheat July 18 39.39 14.8 
2 Ioturk wheat 22 27.60 29.9 
3 Iogold oats 21 59.28 10.0 
4 Iogold oats 28 64.30 12.0 
5 Iowa No. 105 oats 25 51.78 10.4 
6 IowaI' oats 22 44.16 15.6 
7 Green Russian oats 26 40.58 33 .6 
8 Oderbruck er barley 21 29.71 16.8 
9 Oderbruekel' barley 21 30.10 13.6 
1928 
Plat 1 Iobl'ed wh eat July 16 46.7 25.5 
2 Turkey wheat 13 34.4 34.5 
3 I ogold oats 16 66.1 33.5 
4 Iowa No. 105 oats 16 54.5 26.5 
5 Iowar oats 16 58.9 35.5 
6 Iowa No. 444 oats 16 55.6 38.0 
7 Iogren oats 24 56.5 19.4 
8 Iomine oats 24 63.5 26.0 
9 Oderbrueker barley 17 30.1 40.4 
10 Minsturdi barley 16 38.2 28.0 
11 Tl'ebi barley 14 42.0 40.5 
12 Velvet barley 14 37.3 45.0 
involved that in the two cases in which soil types were compared 
(Iogold oats, fields 3 and 4, and Oderbrucker barley, fields 8 and 
9) in 1927 it was impossible to differentiate the various factors. 
Field 3 was rolling Carrington loam, fitted with a disc. 'l'he 
preceding crop was corn that had been hogged-down. Field 4 
was Webster loam from which the previous corn crop had been 
husked before the land had been fall plowed. A similar situation 
was experienced with the barley. The, two fields offered quite 
a difference in history. Field 8, Carrington loam, was fall plowed 
sweet clover land, while field 9, 'Vebster loam, was disced corn 
ground. Altho fi~ld 9 would appear to gain more slowly and to 
drop in yield more rapidly than field 8, it would be inadvisable 
to attribute these differences to soil type rather than cultural 
practices, especially due to the previous crop of sweet clover. 
'l'he effect of climate, like that of soil, is the result of a group 
of factors, including storms, humidity and temperature. While 
humidity and temperature exert an influence on both length of 
harvest period and total yield, storms are associated only with 
• 
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loss. It is characteristic of storm losses that those occurring dur-
ing the filling and early ripening periods are much more serious 
than those that occur at either an earlier or a later period. Two 
typical illustrations of losses occasioned by storms are presented 
in fig. 23. It will be noticed that the hail storm on July 12 re-
duced the yields about equally for the early variety, Iowa No. 
105, and the much later Iomine. The storm on the night of July 
26 also reduced the yields in about the same proportion. The 
storm on Aug. 2, however, appears to have had some little influ-
ence on the yield of Iowa No. 105, while the less mature Iomine 
was noticeably injured . 
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Fig. 23. Showing the effect of storm on yield of Iowa No. 105 and Iomine oats. 
It is well known that humidity and temperature play an im-
portant role in the development of any grain crop. This is nicely 
illustrated in fig. 23 by the marked advance in yield associated 
with the delayed desiccation of the later variety, Iomine, while 
the Iowa No. 105 had ceased to fill after July 16. Increases in 
humidity decreased the evaporation and prolonged the period of 
vegetative growth, extending the gross structure and photosyn-
thetic area, thereby amplifying as well as extending the" filling 
in" processes. When cool or cloudy weather retards the ripen-
ing processes, corresponding increases in yields are to be ex-
pected if the plant is allowed to mature normally. 
In contrast to this, plants are often retarded in filling by rusts, 
a group of organisms that flourish under humid conditions, 
particularly when the temperatures are above normal. In addi-
tion to consuming materials that would normally be transported 
to the grain, these pathogens not only decrease the photosyn-
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thetic area, but interfere with the movement of growth sub-
stances, thus causing an arrest in yield. 
A good example of this arrest in development from rust is 
shown in the yield curves of Iowar and Green Russian oats 
(fields 6 and 7) in 1927. While the other earlier-maturing, rust-
resistant varieties were still increasing in yield these two heavily 
rusted fields ceased to .develop and gave the same yields that had 
been attained at the time the rust reached epidemic proportions· 
The crop, with its range of varieties, has long been known 
to exert a major influenee upon the time and length of the har-
vest period. Wheats withstand adverse conditions better than 
oats or barley. On the west coast barley is considered to have a 
sufficiently extended harvest period to make it a good "combine 
crop. " Oats have always been looked upon as a crop with a 
short harvest period, except under the most favorable conditions. 
The adaptability of crops and varieties is associated closely 
with certain physiological changes. In these changes water as-
sumes an important role. The polysaccharides, along with the 
proteins, determine the water relations of the cells. While the 
proteinaceous substances are generally present in rather small 
amounts, the amino acids diffuse readily into the colloidal starch-
es and pentosans and set up quite distinctive water relations. 
The soluble carbohydrates, including the hexoses and sucroses, 
do not occur in such concentrations as to affect the enlargement 
directly, but when they are present in the vacuoles they may 
exert an osmotic effect. MacDougal (27) in preparing colloidal 
mixtures which simulate plant protoplasm, has found that amino 
acids increase absorption, while salts lessen hydration. Eckerson 
(15 ) has shown that an excess of asparagine and amino acids 
which may be present in the endosperm cells is converted into 
protein upon desiccation of the grain, while the excess of sugar 
condenses at once into starch. The starch is deposited immedi-
ately, while the amino acids are laid down thruout a somewhat 
extended period. 
The prolonged period of kernel development and the retarded 
ripening of wheat, so nicely illustrated by the 1927 field of 
high-protein Iobred, may be explained by the increased hydra-
tion occasioned by the presence of amino acids while at the same 
time, the simple protein glutenin aided in the retention of moist-
ure. Two distinct factors, then, delay the desiccation process in 
wheat that do not exist in oats and barley, which may make it 
possible to delay the harvest of wheat for a somewhat longer 
period than for the other two grains. 
In variety, we have a finer differentiation of the character-
istics exhibited by the crop. From information in the literature 
and in the data presented, it is evident that varieties within the 
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crop may exhibit differences that arc just as great as those oc-
curring between different crops. 
The only varieties of wheat studied were of the hard red win-
ter type, and all retained their grain well over the entire period. 
In the Pacific Northwest, however, there is a wide variation be-
tween varieties in their ability to resist lodging and shattering. 
Of the barley varieties studied so far, none has shown suffi-
cient length of harvest period to warrant a recommendation for 
"combine" harvesting under Iowa conditions. It is probable 
that such varieties as Trebi and lVIinsturdi will afford a more 
promising set of data in seasons when the desiccation takes 
place with fewer interruptions. With the oat crop, under Iowa 
conditions, variety appears to be the chief factor controlling the 
time and the length of the profitable harvest period. Both the 
Iogold and Iowa No. 105 varieties have shown prolonged periods 
at or near their maximum yields during each of the two seasons 
studied. 
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